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(54) Equalizing method and equalizer for OFDM receiver 



(57) An equalizer for an orthogonal frequency divi- 
sion multiplexing (OFDM) receiver and an equalizing 
method are provided. An estimator (106) according to 
the present invention extracts scattered pilots from a 
plurality of received carriers in units of four symbols, and 
estimates each channel characteristic value in the po- 
sition of the extracted scattered pilots. An adder (114) 
obtains a channel characteristic values in the position 
of scattered pilots of a period of three sub channels by 
adding the channel characteristic value with respect to 
each respective sub channels in units of four symbols. 
An interpolator (116) interpolates the sub channel char- 
acteristics of data between the scattered pilots using the 



channel characteristic values in the position of the scat- 
tered pilots of the period of three sub channels, and pro- 
vides the characteristic values of all the sub channels. 
A compensator (118) which can be formed of a one tap 
filler compensates for channel distortion of the plurality 
of received carriers using the characteristics of all the 
sub channels. According to the present invention, it is 
possible reduce the amount of calculation and to realize 
simple hardware, since the four symbols are equalized 
by the channel characteristic of one symbol using the 
channel characteristic value in the position of the scat- 
tered pilot having the period of three sub channels, thus 
it is not necessary to trace the position of the pilot in 
every symbol. 
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Description 

[0001] The present invention relates in general to the 
field of equalizing, and more particularly to an equalizer 
and an equalizing method for compensating for channel 
distortion in a receiver for receiving a signal transmitted 
using orthogonal frequency division multiplexing 
(OFDM). 

[0002] OFDM is a type of multiple carrier modulation 
method tor transmitting a digital signal. In the OFDM 
method, data is carried by a pluralily of sub-carriers and 
transmitted In parallel during a long symbol period, with- 
in a frequency band of the same width as that used for 
transmitting single carrier data. Since a symbol is deter- 
mined in a frequency domain in the OFDM method, an 
equalizer used in the frequency domain is required for 
compensating for channel distortion of the received 
symbol. For this, scattered pilots are transmitted in the 
OFDM method. However, the scattered pilots are not 
transmitted through fixed sub channels, but are trans- 
mitted through different sub channels in every symbol, 
having a predetermined pattern, as shown in Figure 1. 
[0003] Namely, as shown in Figure 1, the scattered 
pilots are repeated using four symbols as one period. 
Since the scattered pilots are transmitted through the 
first and final sub channels in a 12 sub channel period, 
making a second starting point of every symbol different, 
the characteristics of all the entire sub channels are es- 
timated by finding out positions to which the scattered 
pilots are transmitted, calculating estimated values ac- 
cording to the characteristics of all the sub channel, and 
obtaining the characteristics of the data sub channels 
between the scattered pilots by interpolating the esti- 
mated values of adjacent pilots. However, in the case of 
performing interpolating in every symbol, since the dis- 
tance between the scattered pilots becomes 11 sub 
channels, a compensation error becomes larger when 
frequency distortion is generated. Also, when channel 
characteristics are traced in every symbol, a precise fil- 
ter is required as an interpolating filler since there are 
11 sub channels between the scattered pilots. 
[0004] However, the detailed structure of an equalizer 
for compensating for the channel distortion is nol de- 
scribed in "European Telecommunication Standard" 
Draft ETS 300 744, March 1997 provided by European 
Telecommunication Standards Inslilule (ETSI). 
[0005] An aim of at least preferred embodiments of 
the present invention is to provide an equalizing method 
for reducing the amount of calculation by reducing the 
distance between received scattered pilots and estimat- 
ing channel characteristics. 

[0006] Another preferred aim of the present invention 
is to provide an equalizer of a simple structure in an 
OFDM receiver. 

[0007] Still another preferred aim of the present inven- 
tion is to provide an equalizer for quickly compensating 
for the amplitude distortion and the phase delay of a 
channel in an OFDM receiver. 



[0008] According to the present invention there is pro- 
vided an equalizing method as set forth in claim 1 ap- 
pended hereto. Also according to the present invention 
there is provided an equalizer as set forth in claim 8 or 
5 claim 1 5 appended hereto. Preferred features of the in- 
vention will be apparent from the dependent claims and 
the description which follows. 

[0009] In a first aspect of the present invention there 
is provided an equalizing method for compensating for 

10 channel distortion of a plurality of carriers transmitted 
through a plurality of sub channels using scattered pilots 
having a period of a first predetermined number of sym- 
bols, comprising the steps of (a) extracting scattered pi- 
lots in units of the first predetermined symbol period 

15 from a plurality of received carriers, adding a channel 
characteristic value of each sub channel in the extracted 
scattered pilot position in the first predetermined 
number of symbols, and obtaining channel characteris- 
tic values in scattered pilot position having a period of a 

20 second predetermined number, (b) estimating the char- 
acteristics of a sub channel through which data between 
scattered pilots is transmitted using the channel char- 
acteristic values in the scattered pilot position having the 
period of the adjacent second predetermined number to 

25 obtain all sub channel characteristic values, and (c) 
compensating for channel distortion of the received plu- 
rality of carriers on the basis of all the sub channel char- 
acteristic values. 

[0010] In a second aspect of the invention there is pro- 
30 vided an equalizer for compensating tor channel distor- 
tion of a plurality of carriers transmitted through a plu- 
rality of received sub channels using a scattered pilot 
having a period of a first predetermined number of sym- 
bols, comprising an estimating unit for extracting seat- 
as tered pilots from the plurality of received carriers in units 
ot the first predetermined number of symbols to estimate 
channel characteristic values in the extracted scattered 
pilot position, a calculating unit for obtaining channel 
characteristic values in the position ot the scattered pilot 
40 of a period of a second predetermined number of sub 
channels by adding the channel characteristic values of 
each sub channel each other in units of the first prede- 
termined number of symbols and for providing all the 
sub channel characteristic values by calculating the sub 
45 channel characteristics of the data between the scat- 
tered pilots using the channel characteristic values in 
the scattered pilot position of the period of the second 
predetermined number of sub channels, and a compen- 
sating unit for compensating for channel distortion of the 
50 plurality of received carriers using all the estimated sub 
channel characteristic values. 

[0011] For a better understanding of the invention, 
and to show how embodiments of the same may be car- 
ried into effect, reference will now be made, by way of 
55 example, to the accompanying diagrammatic drawings, 
in which: 

Figure 1 shows an example of the conventional dis- 
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tribulion of scattered pilots; 

Figure 2 shows an example of the modified distri- 
bution of scattered pilots provided in the present in- 
vention; 

Figure 3 shows an example of the operation of an 
equalizer; and 

Figure 4 is a detailed block diagram of an equalizer 
for an OFDM receiver according to an embodiment 
of the present invention. 

[0012] As will be described below, Ihe preferred em- 
bodiment of the present invention compensates for 
channel distortion by estimating the channel character- 
islics on the basis of a lour symbol interval, assuming 
that the channel characteristics hardly change duhng 
the four symbol since the characteristics of the scattered 
pilot have a period of four symbols. Namely, since the 
time of the four symbol interval is about 4ms (in the case 
of an 8K mode), it is assumed that the channel charac- 
teristic gradually change during thai time. 
[0013] A preferred equalizing method wilt now be de 
scribed as follows. 

[0014] STEP 1; it is determined which symbol Is re- 
ceived among the four symbols and a scattered pilot is 
extracted from the received symbol. 
[0015] STEP 2: a channel charactehstic value in the 
position of the extracted scattered pilot is estimated. 
[0016] STEP 3: the scattered pilot exists for a period 
of three sub channels, when a channel characteristic 
value with respect to one symbol to be used during a 
four symbol interval is obtained by inserting an arithme- 
tic zero "0" Into all the data except for the scattered pilots 
in units of four symbols in which the channel character- 
istic value In the position of the scattered pilot is esti- 
mated and by adding the characteristic values in each 
sub channel to each other in unit of four symbols. There- 
fore, the distribution ot the modified scattered pilot pro- 
vided in the present invention is as shown in Figure 2. 
[0017] STEP 4: the characteristics of two sub chan- 
nels to which data between two adjacent scattered pilots 
is transmitted are estimated by interpolating the channel 
characteristic value of the position of the estimated scat- 
tered pilol. 

[0018] Here, in a constant interpolation, the charac- 
teristics of three sub channels are calculated in the 
same manner, considering that the characteristics of a 
sub channels to which the scattered pilot is transmitted 
are the same as those of the sub channels to which the 
following two data are Iransmilled, when interpolation 
hardly changes the characteristics of the sub channel. 
In another method, the characteristics of the two sub 
channels to which data between the scattered pilots are 
transmitted are calculated by a linear interpolation. In 
still another method, a windowed finite impulse re- 
sponse (FIR) filter having a better interpolation perioim- 
ance is used. 

[0019] STEP 5: Distortion in a channel is compensat- 
ed for by multiplying the transmitted sub channel data 



by the inverse of the characteristic value of the sub 
channel. Here^ the characteristics of the sub channels 
are the same over a four symbol unit. The characteris- 
tics of all the sub channels of one symbol, to which the 

5 channel characteristics in the respective scattered pilot 
positions of four symbols are considered, are applied to 
the four symbols, assuming that the channel character- 
istics do not change during the four symbol interval. 
[0020] Figure 3 shows the operation of an equalizer 

10 in a time domain, to aid understanding of the present 

invention. In Figure 3. a plurality of carriers Xq, x-,. 

X|vn are mixed with the respective sub channel charac- 
teristics hg. h-,, .... h^.-, and are transmitted through a 
plurality of sub channels. The plurality of carriers trans- 

?5 mitted through the plurality of sub channels, to which 
noise (the channel distortion) no. n^ n,vj.i is added, 
are input to the equalizer. In order to compensate for the 
channel distortion, the plurality of received carriers Tq, 
r^ .... r^.'^ are multiplied by the inverse characteristics 

20 

Tho^Th:^ 7h-\) 



25 of the respective sub channels, to output the plurality of 
compensated carriers 



30 



40 



0 f -^l* 



[0021] Since the equalizer compensates for frequen- 
cy distortion in a symbol unit in a frequency domain, the 
following equation 1 is obtained when the characteris- 
es tics of a channel, transmitted data, and received data 
are H(f), X(f). and R(1). respectively. 



wherein, k represents the sub channel index. 
[0022] The sub channel through which a pilot is trans- 
mitted can be represented as the following equation 2. 
The amplitude characteristics and the phase characler- 
istics of the sub channel can be obtained from the equa- 
tion 3. 



so 



55 



R^in^H^{f)'Pf,{f) (2) 
wherein P(f) represents a scattered pilot. 

«k(0 



(3) 



[0023] In the case of an 8K mode, the number of sub 
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channels obtained fronn the scattered pilots of a modi- 
fied distribution shown in Figure 2 is 6816/3. The char- 
acteristics of the 6616x2/3 data channel are obtained by 
an interpolation using the characteristics of the sub 
channels. The constant interpolation used in every sym- 
bol can be represented by the following equation 4. 

Hpw(')=Hrf,i)(0=H^(2,(0 (4) 

[0024] A linear interpolation used in every symbol will 
be described as follows. When the characteristic of a 
channel through which the scattered pilot is transmitted 
is Hp(k)(0. the characteristic of a channel through which 
an adjacent next pilot is transmitted is Hp(k4.i)(f) When 
the characteristics of the sub channels through which 
data between the sub channels of the two scattered pi- 
lots are transmitted are H^^i j{f) and H^(2j(f). they can be 
obtained through the equations 5 and 6. 

^c.,a,(0= "^^^->'V"'^"" x^-"pr»c;(0 (6) 

[0025] Other than the constant interpolation and the 
linear interpolation, an interpolation by a windowed FIR 
filler can be used. The windowed FIR filter is designed 
using a low pass filter whose sampling frequency is 
three times a carrier frequency. When the characteris- 
tics of the scattered pilot are filtered by the windowed 
FIR filter, the characteristics of the two sub channels be- 
tween the scattered pilots are calculated and output. 
Namely, when the characteristics of the filler are F(f) , 
the characteristics of all the channels are obtained by 
performing a convolution for the characteristics of the 
scattered pilot and those of the filter F(f). Namely, the 
characteristics of all the channels H(f) can be obtained 
as follows. 

H{f)=Hp(f)^ F{f) (7) 

[0026] The equalized output represented in the equa- 
tion 8 is obtained by oblaining the characteristics of all 
the sub channels by the method shown in the equation 
7 and multiplying the received data by the inverse of the 
characteristic value of the sub channel. 

Fl, (f) j7-H,{() X, if) ■ j7 ^X, if) (8) 
[0027] Conveniently, it is not necessary to trace the 



position of the scattered pilot, since the position of the 
scattered pilot does not change. It can be estimated the 
characteristics of the channel by calculating values be- 
tween the scattered pilots by constant interpolation or 
5 linear interpolation, since the distance between the scat- 
tered pilots becomes two sub channels. However inter- 
polation by the windowed FIR filter can be used in order 
to enhance the interpolation performance. After the 
characteristics of all the sub channels are estimated, the 
10 equalization in the frequency domain can be performed 
by multiplying the received signal by the inverse of the 
channel characteristic value. The equalization becomes 
very simple since it has the structure of equalizer having 
one tap filler Therefore^ estimating the channel charge- 
's teristics in the four symbol interval unit is advantageous 
with respect to the structure of the equalizer or the 
amount of calculation, if the channel characteristics 
hardly change during the four symbol interval. 
[0028] The equalizer for the OFDM receiver accord- 
20 ing to the present invention will be described with refer- 
ence to Figure 4. 

[0029] In Figure 4, a guard interval remover 102 re- 
moves a cyclic prefix (CP) corresponding to a guard in- 
terval from the received data. A guard band remover 1 04 

2S performs a fast Fourier transform (FFT) on data output 
from the guard interval remover 102 and removes the 
guard band included in the fast Fouriertransformed data 
in units of one symbol, in order to convert the data into 
data of a frequency domain since the data output from 

30 the guard interval remover 1 02 is data of a time domain. 
Here, in the case of an 8K mode, each symbol is formed 
of 651 7 carriers. The symbols are transmitted over a du- 
ration of Ts. The duration Ts includes an effective symbol 
part interval for transmitting the 6817 carriers and a 

35 guard interval. 

[0030] A scattered pilot extractor 106 extracts the 
scattered pilot from data from which the guard band is 
removed output from the guard band remover 104, 
namely, the 6817 carriers in every symbol in the case of 

40 an 8K mode. Since the scattered pilots have a boosted 
power level, the scattered pilot extractor 106 examines 
a correlation between the data from which the guard 
band has been removed and a reference sequence, and 
extracts the scattered pilot. Since the reference se- 

45 quence is one symbol pattern data among four symbols, 
it is possible to find out which is the symbol received at 
present among the four symbols. Since the scattered 
pilot is repeated with a four symbol period, the position 
of the scattered pilot of the lour symbols is automatically 

so revealed by revealing the posftion of the scattered pilot 
of one symbol. Therefore, it is possible to correctly re- 
veal the position of the scattered pilot of one symbol us- 
ing the reference sequence by the scattered pilot extrac- 
tor 106. With respect to the next three symbols, the re- 

55 ceived level value is output in the already revealed po- 
sition of the scattered pilot. 

[0031] Here, the boosted power level of the received 
scattered pilot is (4/3)2. However, the scattered pilot ac- 
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cording to the positions of the respective scattered pilots 
of the tour synnbol period during transmission has a co- 
ordinate value of (4/3,0) or (-4/3.0). Since this coordi- 
nate infornnation is already revealed by a scattered pilot 
determiner 108. the coordinate value of the scattered 
pilot extracted from the scattered pilot extractor 106 is 
output to a channel estimator 110. 
[0032] The channel estimator 1 1 0 outputs the channel 
characteristic value in the position of the scattered pilot 
by channel estimating using a coordinate value repre- 
senting the position of the scattered pjlot output from the 
scattered pilot determiner 108. Namely, the channel es- 
timator 1 1 0 compares the boosted level of the scattered 
pilot extracted by the scattered pilot extractor 106 with 
the original coordinate value and outputs a value (r) for 
compensating for the amplitude distortion and a value 
(8) for compensating for the phase distortion. 
[0033] A zero inserter 112 inserts the channel char- 
acteristic value in the position of the scattered pilot es- 
timated by the channel estimator 1 1 0 and "zero" into the 
positions of carriers other than the scattered pilot. The 
zero inserter 1 1 2 includes a buffer for storing carriers of 
the four symbols. Therefore, the output of the zero in- 
serter 112 has the distribution of the scattered pilot as 
shown in Figure 2 and values In the scattered pilot po- 
sitions are channel characteristic values. 
[0034] An adder 114 adds the respective carriers out- 
put from the zero inserter 112 in units of four symbols 
and outputs the channel characteristic value of one sym- 
bol in the position of the pilot having a period of three 
sub channels. A coefficient interpolator 116 interpolates 
the channel characteristic value in the position of the 
pilot having the period of the three sub channels output 
from the channel estimator 110 using linear Interpola- 
tion, constant interpolation, or windowed FIR filter inter- 
polation and outputs the interpolated coefticienis in or- 
der to estimate two sub channel characteristic value be- 
tween the pilots. Here, a counter may be included in the 
coefficient interpolator 116 in order to output the inter- 
polated coefficient showing the characteristics of all the 
sub channels of one symbol four times in order to apply 
the characteristics of all the sub channels of one symbol 
to the four symbols. 

[0035] A frequency domain equalizer 1 1 6 can be a fil- 
ter having one tap, namely, a multiplier. The frequency 
domain equalizer 118 outputs data compensated by 
multiplying the data output from the guard band remover 
104 by the inverse of the coefficient estimated by the 
coefficient interpolator 116. Additionally, although not 
shown in the drawings, it is clear to a person skilled In 
the art that a buffer could be included for buffering the 
output of the guard band remover 104 during the esti- 
mation of the channel characteristics of the four symbols 
by the coefficient interpolator 116 for controlling timing. 
[0036] In Figure 4, the scattered pilot extractor 106 
can be called an estimating unit. The zero inserter 112, 
the adder 114, and the coefficient interpolator 116 can 
together be called a calculating unit. The frequency do- 



main equalizer 118 can be called a compensating unit. 
[0037] As described above, it is possible reduce the 
amount of calculation and to realize simple hardware, 
since the four symbols are equalized by the channel 

5 characteristics of one symbol using the channel charac- 
teristic value in the position of the scattered pilot having 
the period of three sub channels, thus it is not necessary 
to trace the position of the pilot in every symbol. 
[0038] The reader's attention is directed to all papers 

10 and documents which are tiled concurrently with or pre- 
vious to this specification in connection with this appli- 
cation and which are open to public Inspection with this 
specification, and the contents of all such papers and 
documents are incorporated herein by reference. 

IS [0039] All of the features disclosed in this specifica- 
tion (including any accompanying claims, abstract and 
drawings), and/or all of the steps of any method or proc- 
ess so disclosed, may be combined in any combination, 
except combinations where at least some of such fea- 

20 lures and/or steps are mutually exclusive. 

[0040] Each feature disclosed in this specification (in- 
cluding any accompanying claims, abstract and draw- 
ings), may be replaced by alternative features serving 
the same, equivalent or similar purpose, unless ex- 

25 pressly stated otherwise. Thus, unless expressly stated 
otherwise, each feature disclosed is one example only 
of a generic series of equivalent or simitar features. 
[0041] The invention is not restricted to the details of 
the foregoing embodiment(s). The invention extends to 

30 any novel one, or any novel combination, of the features 
disclosed in this specification (including any accompa- 
nying claims, abstract and drawings), or to any novel 
one, or any novel combination, of the steps of any meth- 
od or process so disclosed. 

35 

Claims 

1 . An equalizing method for compensating for channel 
40 distortion of a plurality of carriers transmitted 
through a plurality of sub channels using scattered 
pilots having a period of a first predetermined 
number of symbols, comprising the steps of: 

45 (a) extracting (106) scattered pilots in units of 

the first predetermined symbol period from a 
plurality of received carriers, adding a channel 
characteristic value of each sub channel in the 
extracted scattered pilot position In the first pre- 

50 determined number of symbols, and obtaining 

channel characteristic values in scattered pilot 
position having a period of a second predeter- 
mined number; 

(b) estimating (110) the characteristics of a sub 
55 channel through which data between scattered 

pilots is transmitted using the channel charac- 
teristic values in the scattered pilot position 
having the period of the adjacent second pre- 
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determined numbor to obtain all sub channel 
characteristic values; and 
(c) compensating (118) for channel distortion of 
the received plurality of carriers on the basis of 
all the sub channel characteristic values. 

The method of claim 1 , wherein the step (a) com- 
prises the steps of: 

(a1) extracting scattered pilots from a plurality 
of received carriers in units of the first predeter- 
mined number of symbols; 
(a2) calculating each channel characteristic 
value in Ihe scattered pilot position extracted 
using the coordinate values of the already re- 
vealed scattered pilots; 

(a3) replacing carriers other than the scattered 
pilots by predetermined pattern data; and 
(a4) adding the characteristic values of each 
sub channel to each other in each unit of Ihe 
first predetermined number of symbols to ob- 
tain each channel characteristic value in the po- 
sition of the scattered pilots having the period 
of a second predetermined number with re- 
spect to one symbol. 



3. 



4. 



5. 



The method of claim 1 or 2, wherein all the sub 
channel characteristic values are applied to the plu- 
rality of carriers received during the symbol interval 
of the first predetermined number, in the step (c). 30 



The method of claim 1 , 2 or 3 wherein the channel 
characteristic values in the position of the scattered 
pilots having the period of the adjacent second pre- 
determined number are interpolated by a predeter- 
mined interpolation and an interpolated coefficient 
is output, in order to estimate the characteristics of 
the sub channel through which data between the 
scattered pilots is transmitted, in the step (b). 



7. 



an estimating unit (1 06) for extracting scattered 
pilots from the plurality of received carriers in 
units of the first predetermined number of sym- 
bols to estimate channel characteristic values 

5 in the extracted scattered pilot position; 

a calculating unit (112.114.116) for obtaining 
channel characteristic values in the position of 
the scattered pilot of a period of a second pre- 
determined number of sub channels by adding 

10 the channel characteristic values of each sub 

channel each other in unils of the first predeter- 
mined number of symbols and for providing all 
the sub channel characteristic values by calcu- 
lating Ihe sub channel characlcristics of the da- 

15 ta between the scattered pilots using the chan- 

nel characteristic values in the scattered pilot 
position of the period of the second predeter- 
mined number of sub channels; and 
a compensating unit (1 1 8) for compensating for 

20 channel distortion of the plurality of received 

carriers using all the estimated sub channel 
characteristic values. 

9. The equalizer of claim 8, wherein all the sub chan- 
25 nel characteristic values ot one symbol are applied 
to the plurality of carriers received during an interval 
of the first predetermined number of symbols, in the 
compensating unit (118). 



35 



40 



The method of claim 4, wherein the channel distor- 
tion is compensated for by multiplying the carrier re- 
ceived during Ihe symbol interval of the first prede- 
termined number by the inverse of the interpolated 
coefficient. 

The method of claim 4, wherein the interpolation is 
one among constant interpolation, linear interpola- 
tion, and windowed FIR filtering interpolation. 

The method of any of claims 2 to 6, wherein the pre- 
determined pattern data is arithmetic zeros. 

An equalizer for compensating for channel distor- 
tion of a plurality of carriers transmitted thiough a 
plurality of received sub channels using a scattered 
pilot having a period of a first predetermined 
number of symbols, comprising: 



10. The equalizer of claim 8 or 9. wherein the calculat- 
ing unit interpolates the channel characteristic val- 
ues in the position of the scattered pilot having the 
period of the adjacent second predetermined 
number ot symbols and an interpolated coefficient 
is output, in order to calculate the characteristic of 
the sub channel through which data between the 
scattered pilots is transmitted. 

11. The equalizer of claim 10, wherein the compensat- 
ing unit (118) comprises a multiplier lor multiplying 
the carrier received by the inverse of the interpolat- 
ed coefficient. 

12. The equalizer of claim 10, wherein the interpolation 
is one among constant interpolation, linear interpo- 
lation, and windowed FIR filler interpolation. 



13. The equalizer of claim 12. wherein the windowed 
FIR filler is a low pass filler whose sampling fre- 

50 quency is the second predetermined number of 
times the carrier frequency. 

14. The equalizer of claim 8. wherein the calculating 
unit (112,114) inserts an arithmetic "zero" into the 

55 carriers other than the scattered pilots having the 
estimated channel characteristic values and adds 
the characteristic values of each sub channel to 
each other in unit of the first predetermined number 



6 
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of symbols. 

15. An equalizer for an OFDM receiver for receiving a 
plurality of carriers including scattered pilots having 
a period of a first predetermined number of symbols 
through a plurality of sub channels, comprising: 

an extractor (1 06) for extracting scattered pilots 
from a plurality of received carriers in units of 
the first predetermined number of symbols; 

a channel estimator (110) for calculating chan- 
nel characteristic values in the position of the 
extracted scattered pilot using the coordinate 
values of the already revealed scattered pilots; 

an inserter (112) for inserting data of a prede- 
termined pattern into carriers other than the 
channel characteristic values in the position of 
the scattered pilots output from the channel es- 
timator; 

an adder (114) for adding the output of the in- 
serter with respect to each sub channel in units 
of the first predetermined number of symbols 
and providing channel characteristic values for 
compensating for amplitude and phase errors 
in the position of the scattered pilots having a 
period of a second predetermined number of 
symbols; 



IS 



20 



1 8. The equalizer of any of claims 1 5 to 1 7, wherein the 
digital filter ( 1 1 8) comprises a multiplier for multiply- 
ing the carrier received during an interval of the first 
predetermined number of symbols by the inverse of 
the interpolated coefficient showing the channel 
characteristics of one symbol output from the inter- 
polator. 

19. The equalizer of claims 15 to 18. wherein the inter- 
polation is one among constant interpolation, linear 
interpolation, and windowed FIR filter interpolation. 

20. The equalizer of claim 19, wherein the windowed 
FIR filter is a low pass filter whose sampling fre- 
quency is the second predetermined number of 
times the carrier frequency. 

21. The equalizer of any of claims 1 5 to 20, wherein the 
predetermined pattern data is arithmetic zeros. 

22. The equalizer of any of claims 15to 21 , wherein the 
first predetermined number is four and the second 
predetermined number is three. 



30 



an interpolator (116) for interpolating by a pre- 
determined interpolation channel characteristic 
values in the position of the scattered pilots of 
the period of the adjacent second predeter- OS 
mined number of sub channels in order to esti- 
mate characteristics of the data sub channel 
between the scattered pilots and providing an 
interpolated coefficient; and 

40 

a digital filter (118) for multiplying the received 
carrier by the inverse of the interpolated coeffi- 
cient and outpulling data in which the channel 
distortion is compensated lor. 

45 

16. The equalizer of claim 15, further comprising a scat- 
tered pilot determiner (108) for generating coordi- 
nate values according to the position of the already 
revealed scattered pilots and outputting the coordi- 
nate values to the channel estimator. so 



17. The equalizer of claim 15 or 16, wherein the extrac- 
tor (106) examines a correlation between the plu- 
rality of received carriers and a reference sequence 
and extracts scattered pilots, and wherein the lef- ss 
ercncc sequence is one symbol pattern data among 
the first predetermined number of symbols. 



7 



EP 0 903 898 A2 




(X) 


o 








m 


cn 

1 


CO 

-J 


CO 


in 


o 


o 


o 


—I 

o 


O 




CD 


CD 


CD 


CD 








:^ 






>- 


)^ 






CO 




CO 


CO 


CO 


• 


# 


# 


# 


# 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


# 


o 


o 


o 




o 


o 


o 


o 


o 


o 


o 


o 






o 


o 








o 


o 


o 






o 


o 








o 


o 




o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


• 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


• 


o 


o 


o 


• 



o o 
o o 
o o 
o o 
o o 
o o 
o o 
o o 
o • 
o o 
o o 
# o 
o o 
o o 



o 




o 


o 


o 




o 


o 


o 




o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


• 


o 


o 


o 


• 


o 


o 


o 


• 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


• 


o 


o 


o 


• 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


• 


o 


o 


o 


# 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


• 


o 


o 


o 


• 


o 


o 


o 


• 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 



8 



EP 0 903 898 A2 



CM OD 



to 


o 




Csj 




CO 

) 


in 

1 


1 


CO CO 
1 1 




. . . o 

LU 

>- 

CO 


SYMBOl 


SYMBOl 


SYMBOL 
SYMBOl 




■mm m m 




w 


AAA 

WWW 


• 


o o o o 




Pi 


o o 
^ <j \j 


o 


o o o o 


r\ 
<J 




r\ r\ 
<J D 


o 


• • • • 


W 


V 


AAA 
www 


• 


o o o o 






o r> 
tJ vj 


o 


o o o o 


o 


o 


o o o 


o 


• • • • 


• 


• 


• • • 


# 


o o o o 


o 


o 


o o o 


o 


o o o o 


o 


o 


o o o 


o 


• • • • 


• 


• 


• • • 


• 


o o o o 


o 


o 


o o o 


o 


o o o o 


o 


o 


o o o 


o 


• • • # 


• 


• 


• • • 


• 


o o o o 


o 


o 


o o o 


o 


o o o o 


o 


o 


o o o 


o 



o 
II 



m 


m 


m 




m 


m 


m 


# 


• 


• 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


• 


• 


• 


• 


• 


• 


• 


• 


• 


• 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


• 


• 


• 


• 


• 


• 


• 


# 


• 


• 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


• 


• 


• 


• 


• 


• 


• 


• 


• 


• 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


• 


• 


• 


• 


• 


• 


• 


• 


• 


• 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 



EP 0 903 898 A2 



FIG. 3 



He 



ho" 



Xo 



© 



To 



■<x> 



Xo 



X 1 



■<x> 



r 1 



X N- 1 



© 



Xn-1 



CHANNEL 



NOISE 



EQUALIZER 



10 




EP 0 903 898 A2 



is 



o 
o 



i 



□o 



>- 


ZER 


LU < 




:^ 


—I 
< 


oo 




UJ Q 


o 

LU 


Ll. 





o 









RD 


Q 


VE 


< 




o 


no 


< 
CD 


EM 






or 



CNJ 
O 



-J 01 
Q < LU 

or > 
< q: o 

ot:::Lu 




LU I 



11 



